Cross-species infections with influenza A viruses readily occur between humans and pigs. Pigs often have been infected by human epidemic viruses ([@R1]), and swine workers and their family members are at increased risk for swine influenza virus (SIV) infection ([@R2]--[@R4]). We studied swine shows as a setting for influenza A virus transmission ([@R5]).

The Study
=========

After acquiring informed consent, we recruited persons [\>]{.ul}7 years of age showing pigs at 3 state fairs in Minnesota (2008, 2009) and South Dakota (2009). Exhibitors were eligible for the study if they reported working with pigs at least 1 cumulative hour per week and had no current immunocompromising condition. Enrolled participants completed a questionnaire and permitted collection of nasal swab specimens from their show pigs. Before data were collected, multiple institutional review boards, the Institutional Animal Care and Use Committee of the University of Minnesota and the University of Iowa, and state fair officials approved the study.

We used the Centers for Disease Control and Prevention (CDC; Atlanta, GA, USA) real-time reverse transcription PCR (rRT-PCR) ([@R6]) to screen for influenza A virus. Swab specimens (run in duplicate) with cycle threshold (C~t~) values \<35 were considered positive for influenza Avirus; specimens with C~t~ values of 35 to \<40 were suspected to be positive; and specimens with C~t~ values [\>]{.ul}40 were considered negative. In a blinded fashion, aliquots of swab specimens from pigs were shared with the Minnesota Veterinary Diagnostic Laboratory (St. Paul, MN, USA), where rRT-PCRs for matrix, hemagglutinin (HA), and neuraminidase (NA) genes were performed. Specimens were then shared with the National Veterinary Services Laboratory (Ames, IA, USA) and later with CDC for further molecular and sequencing studies.

Positive and suspected-positive rRT-PCR specimens were cultured in shell vials on MDCK cells by using standard techniques. Sequence-based analyses of the influenza A virus isolates were performed by the CDC influenza division, using full or partial genome sequencing approaches for all 8 gene segments. Sequences were compared by using BLASTn alignment search techniques (<http://blast.ncbi.nlm.nih.gov>).

Questionnaires were completed by 121 (98%) participants. Participants were predominantly male (71%), and their median age was 34.9 years (range 9--75 years); 24% of participants were \<18 years of age. Some pig exhibitors were children with [\<]{.ul}1 year of pig exposure ([Table](#T1){ref-type="table"}); others were pig farmers with numerous years of pig exposure. Participants reported an average of 18.7 years of pig exposure.

###### Characteristics of 123 persons enrolled in study of influenza A virus among show pigs, Minnesota and South Dakota state fairs, 2008 and 2009

  Characteristic                                             No. (%)
  ---------------------------------------------------------- ------------
  State fair where enrolled                                  
  Minnesota                                                  90 (73.2)
  South Dakota                                               33 (26.8)
  Year enrolled                                              
  2008                                                       48 (39.0)
  2009                                                       75 (61.0)
  Age group, y\*                                             
  \<8                                                        29 (23.6)
  18--39                                                     37 (30.1)
  40--59                                                     46 (37.4)
  [\>]{.ul}60                                                8 (6.5)
  Sex\*                                                      
  M                                                          86 (69.9)
  F                                                          35 (28.5)
  Work performed in the last 30 d†                           
  Unemployed                                                 8 (6.5)
  Farmer                                                     108 (87.8)
  Swine farmer                                               100 (81.3)
  Government employee                                        8 (6.5)
  Veterinarian/veterinary assistant                          2 (1.6)
  Receipt of vaccination for human influenza in past 2 y\*   
  Yes                                                        35 (28.5)
  No                                                         76 (61.8)
  Unknown                                                    7 (5.7)
  Respiratory illness in past 12 mo\*                        
  Yes                                                        64 (52.0)
  No                                                         55 (44.7)
  Unknown                                                    2 (1.6)
  Worked with swine, y\*                                     
  \<1                                                        3 (2.4)
  [\>]{.ul}1--4                                              10 (8.1)
  5--10                                                      39 (31.7)
  \>10                                                       50 (40.7)

\*These covariates have missing data. †Responses are not mutually exclusive.

Nasal swab specimens were collected from a total of 149 pigs (from Minnesota, 47 in 2008 and 57 in 2009; from South Dakota, 45 in 2009). Almost all (97%) swabbed pigs were \<1 year of age, and 40% were female. All pigs were observed to be healthy by a veterinarian before they were permitted to enter the show.

In 2008, nasal swab specimens from show pigs showed no molecular or viral culture evidence of influenza A virus. However, in 2009, a number of pigs were positive for influenza A virus. Comparing the molecular results of the 3 laboratories and using conservative rRT-PCR result interpretations on which all laboratories agreed, we determined that influenza A virus was detected in 12 (12%) of 102 swine respiratory samples by rRT-PCR; 11 (19%) of these were from among the 57 pigs swabbed at the Minnesota state fair ([Figure](#F1){ref-type="fig"}). Viral culture yielded 7 influenza isolates, 5 of which were recultured and sequenced by CDC. Sequence for 4 of the isolates (A/Swine/Minnesota/074A/2009, A/Swine/Minnesota/115A/2009, A/Swine/Minnesota/130A/2009, and A/Swine/Minnesota/136B/2009) were similar to influenza A(H1N1)pdm09 viral gene sequences: identity scores ranged from 99.8% to 100% for polymerase basic 1, polymerase basic 2, polymerase acidic protein, HA, nucleocapsid protein, NA, matrix, and nonstructural protein genes (Global Initiative on Sharing Avian Influenza Data \[GISAID\] accession nos. EPI295284--EPI295327). The fifth isolate (A/Swine/South Dakota/152B/2009) was cultured from an asymptomatic pig at the South Dakota state fair. After sequence studies of the HA and NA genes, this isolate was classified as a triple reassortant H1N2 virus (GISAID accession nos. EPI295328--EPI295335) similar to recent US swine isolates.
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A follow-up telephone survey of study participants identified 2 with influenza-like illness (ILI) within 7 days after the fair: an adult, with ILI with onset 1 day after his pigs arrived at the fair (and 4 days before pig swabbing), and his daughter who developed an ILI on the last day of the fair (3 days after pig swabbing). Three pigs exhibited by the child tested positive for influenza A virus.

Conclusions
===========

We found a 19% prevalence of influenza A virus among the 57 show pigs swabbed at the 2009 Minnesota state fair, which occurred during the second wave of the 2009 pandemic. Temporal analysis of the results indicated that most pigs with rRT-PCR--positive results were sampled within 24 hours after arriving at the fair, suggesting that they probably were infected before their arrival ([Figure](#F1){ref-type="fig"}). None of the pigs with molecular or viral culture evidence of influenza A virus infection had clinical signs of influenza illness at the time of sampling. This finding validates previous pig show--linked human cases ([@R5],[@R7]) and suggests that exposure to apparently healthy pigs at shows is a possible source of influenza A virus transmission.

These detections of A(H1N1)pdm09 virus in the United States (reflecting the ease of transmission from humans to pigs) were soon followed by multiple other detections in US pigs ([@R8],[@R9]) and in numerous pigs in other countries. Such observations are now common ([@R10]), leading to speculation that just as the human-origin subtype H3N2 virus variant became enzootic in pigs ([@R11]), the A(H1N1)pdm09 virus and related viruses are now enzootic. Our findings of asymptomatic A(H1N1)pdm09 virus infections in pigs is supported by other data suggesting that as few as 10% of infected pigs might show clinical signs of A(H1N1)pdm09 virus infection ([@R12]).

Of concern is that new reassortants between A(H1N1)pdm09, enzootic SIVs, and possibly other human- or avian-origin viruses might emerge and possibly spread to humans who have contact with asymptomatic pigs ([@R10],[@R13],[@R14]). Clinicians who care for persons in whom influenza A illness develops, particularly when human influenza is not widely circulating, should ask about pig exposures and consider further molecular testing to rule out human infection with a nonhuman-origin influenza A virus. In addition, to minimize potential interspecies transmission of influenza viruses, it might be prudent to develop guidelines for the exhibition of pigs.

Because of the possibility of novel virus generation in pigs and of human-to-pig and pig-to-human transmission of influenza virus, routine influenza A virus surveillance among pigs and influenza A virus testing of ill persons exposed to pigs is needed to ensure timely detection of novel influenza viruses in humans and pigs ([@R4]). Early detection is essential for development of effective vaccines and initiation of other means to prevent the spread of novel influenza A viruses. However, considerable barriers exist to conducting surveillance in pigs and pig-exposed persons, not the least of which is the threat that such surveillance could economically harm the pork industry ([@R10]). To improve influenza surveillance, additional ways are needed for pig farmers, the pork industry, the US Department of Agriculture, and public health professionals to collaborate. Swine workers, food animal veterinarians, and persons involved in raising show pigs are at high risk for zoonotic influenza infection ([@R4],[@R15]). They should be strongly encouraged to receive seasonal influenza vaccines and to take measures to reduce zoonotic disease transmission, including using personal protective equipment. They also should limit their contact with pigs when they or the pigs have symptoms of respiratory illness ([@R4],[@R10]).
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